Methotrexate-alpha-phenylalanine: optimization of methotrexate prodrug for activation by carboxypeptidase A-monoclonal antibody conjugate.
Methotrexate-alpha-phenylalanine (MTX-Phe), a second-generation prodrug in the MTX alpha-peptide series designed for activation to MTX by carboxypeptidase-mAb conjugates, was synthesized by reaction of the p-nitrophenyl ester of 4-amino-4-deoxy-10-methylpteroic acid with L-glutamyl-alpha-L-phenylalanine. Production of MTX from MTX-Phe, catalyzed by bovine pancreas carboxypeptidase A (CPA), was 250-fold faster than the corresponding reaction involving methotrexate-alpha-alanine, previously the best MTX peptide substrate for the enzyme. The amount of CPA required to make MTX-Phe equitoxic with MTX, when tested against UCLA-P3 human lung adenocarcinoma cells in vitro, was more than 10-fold lower than that required to achieve the same result with MTX-alpha-alanine. When the lung tumor cells were treated with CPA conjugated to KS1/4 (a mAb targeted to these cells) and excess conjugate removed by extensive washing, the ID50 for MTX-Phe improved from 2.2 x 10(-6) M (no enzyme present) to 6.3 x 10(-8) M; the latter value was comparable to that of the parent drug MTX (4.5 x 10(-8) M). [3H]MTX-Phe was synthesized and used to investigate the mechanism by which the prodrug exerts its cytotoxic effect in the presence and absence of CPA. The present results demonstrate that, for use in conjunction with CPA-mAb conjugates, the alpha-phenylalanine derivative is the optimal prodrug form of MTX (and probably other antifols that contain the glutamate moiety).